Summary The 'true' incidence of spontaneous regression of neuroblastomas is uncertain. However, the frequency of spontaneous regression is important when the benefits of screening procedures are considered. In the population-based Danish neuroblastoma survey 1943-80, spontaneous regression was documented in less than 2% of cases. However, the 'true' incidence may be higher. The epidemiological findings of increased incidence and survival rates with an unchanged mortality rate may suggest the inclusion of borderline lesions among 'truly' malignant neuroblastomas in recent decades in Denmark. However, it is more likely to be a result of improved diagnosis, changes in the social composition of the population and possibly unidentified environmental agents. However, if some premalignant lesions in fact had been included, they are most likely to be stages I-II tumours of infancy. In this study we describe cases of spontaneous regression of neuroblastoma from the Danish population-based survey 1943-80. Numerous anecdotal reports of cases of spontaneous remission of neuroblastomas have been published. For example, a Danish patient diagnosed in 1941 has been the subject of several reports (Hansen, 1953; Rosendal, 1942; Visfeldt, 1963) . Neuroblastomas undergoing spontaneous regression form 17% of the cases of spontaneous remission in man collected from the literature by Everson and Cole (1966). In a review of cases registered in Children's Cancer Study Group, Evans et al. (1976) estimated the frequency to be 8% of cases (including stage IV-S cases). Pritchard and Kemshead (1983) , excluding stage IV-S cases, found the frequency to be only 1-2% in their experience. However, a population-based study has not been carried out so far.
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Most childhood neuroblastomas are likely to be congenital (Birch et al., 1980; Carlsen, 1988a; Carlsen et al., 1986a; Rubin, 1968; Sutow, 1958; Wilson & Draper, 1974) , and the prognosis is poor for most patients over the age of 2 years. However, the benefits of a mass screening in infants (Sawada et al., 1984a (Sawada et al., , 1987a Scriver et al., 1987; Woods & Tuchman, 1987) has been questioned because it is argued that some cases detected at screening might have subsequently regressed spontaneously (Norman et al., 1987; Pastore et al., 1984) .
The Danish population-based survey 1943-80 (Carlsen, 1986 (Carlsen, , 1988b Carlsen et al., 1986a Carlsen et al., , b, 1987 ) offers a unique opportunity to estimate the frequency of spontaneous regression from clinical overt disease in an unselected population of neuroblastomas of childhood. This study reports and discusses cases of confirmed regression and also the questionable cases. The study also considers age, stage and fate of cases found incidentally by abdominal examination or chest X-rays, as these cases are suggested to be equivalent to the cases found by screening (Kosloske et al., 1987; Sawada et al., 1988) . As data from the Danish survey indicate a zerotime shift (Bailar & Smith, 1986; Feinstein et al., 1985) in the study period (Carlsen, 1986; Carlsen et al., 1986a Carlsen et al., , 1987 , the material was re-examined for epidemiological data suggestive of the inclusion of premalignant lesions among the pool of 'real' neuroblastomas.
Patient population
The patient population consisted of all the 250 cases of childhood neuroblastoma in Denmark from 1943 to 1980 (excluding five patients who were resident outside Denmark when diagnosed) (Carlsen, 1986 (Carlsen, , 1988b Carlsen et al., 1986a Carlsen et al., , 1987 . The tumours were staged according to the system of Evans et al. (1971) as previously reported (Carlsen et (Beckwith & Perrin, 1963; Ikeda et al., 1981; Turkel & Itabashi, 1974) , primary intracerebral neuroblastomas and neuroepitheliomas of the peripheral nerves were not included in the material. The hospital records of all but two children were studied (one record lost, one never hospitalised), and cases in which the tumour showed possible signs of spontaneous regression were selected for case reports with comments. Two of the five case histories have previously been reported (Carlsen & Nielsen, 1980; Rechnitzer & Hansen, 1980) . All the 10 stage IV-S cases in the study period and also all 20 cases found incidentally were selected for this study (Carlsen et al., 1986a (Carlsen et al., , 1987 (Rechnitzer & Hansen, 1980 Evans et al. (1971) in retrospect. Only biopsy was done, which revealed an undifferentiated neuroblastoma. Radiotherapy was given consisting of 25 Gy and the tumour diminished in size and was totally resected 1 month later by a secondary operation. Histological examination of the tumour revealed now only mature ganglioneuroma tissue. VMA was normal in 1966. The patient has been well for more than 20 years (Carlsen & Nielsen, 1980) .
The histological maturation following irradiation may simply represent undifferentiated neuroblastoma-cell kill with subsequent overgrowth of the mature ganglioneuroma elements in the tumour (Cheson et al., 1986 (1971) . No further therapy was given and the patient has been well for more than 15 years. Beckwith and Martin (1968) have suggested that some dumb-bell tumours might originate from dorsal root ganglia, and neuroblastomas derived from this source might be nonsecretors of catecholamines; hence, the extraspinal component of the tumour might have been very small.
Others have also observed that children with dumb-bell primary neuroblastomas may be long-term survivors following total or subtotal resection of the intraspinal, extradural component of the mass without further treatment of the residual extraspinal disease (Pritchard & Kemshead, 1983) .
Case history no. 5 A 10-month-old girl was referred to hospital in 1975 due to periorbital ecchymoses and irritability. She had stage IV disease with multiple metastases of bones, including orbital bones, distant lymph nodes and a large abdominal mass. VMA excretion was grossly elevated. No treatment was given initially. There was no progression of the disease during the next 5 months. Therefore treatment was initiated with a combination of pulsed cyclophosphamide and vincristine at weekly intervals. The tumour responded to treatment, and 3 months later the primary tumour was totally resected. No irradiation was given. The bone lesions continued to heal, and the patient achieved a complete remission after 53 weeks of treatment. The treatment was then discontinued, and the patient has been well for more than 10 years.
The usual prolonged arrest of tumour growth may suggest that some unknown 'regression mechanisms' probably play a part in the complete response to treatment.
Thus, during the 38-year period covered by this study only two cases with spontaneous regression were seen; another three cases were observed in which some of the unusual course of the disease could be attributed to 'spontaneous regression mechanisms'. Together, these cases seen in 250 Danish children with neuroblastoma give an optimistic frequency of 2%. The cases, distributed by decade of diagnosis, are shown in Table I . It is seen that the frequency ranges from 0 to 4% of cases during the four decades. It is noticeable that all five patients were less than 14 months old when diagnosed. Four had stage II disease, one of whom progressed to stage IV before spontaneous regression took place, and one had stage IV disease at diagnosis. The latter received potentially curative treatment.
Ten stage IV-S cases were diagnosed during the study period. One was 14 months old at diagnosis, the other nine were less than 6 months old. Six died either as a result of the augmented intra-abdominal pressure from the expanding liver or from lung complications. All four survivors received treatment (Carlsen et al., 1986a) . However, as they probably all might have recovered without treatment if the complications had been avoided or treated more appropriately (Evans et al., 1981) , all 10 patients are shown in Table I Incidentally discovered tumours Tumours were found incidentally in 20 patients (Carlsen et al., 1987) either by abdominal examination (11 patients) or by a routine chest X-ray (nine patients) ( Table I) . Ten patients had stage I disease; all have survived except one who died from progressive disease (an infant with a sacrooccygeal teratoma with areas of neuroblastoma among other structures (Carlsen et al., 1986a) ). Eight had stage II disease; all survived except one who died from surgical complications. Both patients with stage III disease succumbed, one from surgical complications, the other from progressive disease. Only six patients were older than 3 years at diagnosis, of whom four (all older than 5 years) had intrathoracic tumours (Table II) . Even if it is likely that only the tumours in the 14 (Carlsen et al., 1986a (Carlsen et al., , 1987 (Young et al., 1986) . The increase relates solely to children under 5 years of age, and is most pronounced in infants under I year. On the other hand, the mortality rate has not changed significantly (Carlsen, 1986) . During the same period the long-term survival has gradually improved due to a combination of a higher frequency of lower stages of the disease (I-II), younger ages and multimodal treatment including chemotherapy (Carlsen et al., 1986a) . Thus, a striking result from the Danish survey is the clear demonstration of a zero-time shift (Table III) . As the survivor have been followed for at least 7 years and are considered cured, the upward survival trend is not a simple lead-time bias, i.e. there is earlier diagnosis but death from neuroblastoma still occurs (Bailar & Smith, 1986; Feinstein et al., 1985) . It is well recognised that a shift in diagnostic criteria to include lesions that have the microscopical appearance of cancer but not its biological behaviour among truly malignant neoplasms will result in higher incidence rates, lower stages at diagnosis and improved survival rates, but with unchanged mortality rates (Bailar & Smith, 1986) . Thus, the data may be suggestive of the inclusion of a proportion of 'benign' or borderline lesions in the recent decades. The number of cases in the highly speculative group of 'probably spontaneous regressing tumours' cannot explain the rise in incidence on their own (Table I) , and several more plausible explanations for the rise can be given (Carlsen, 1986 (Carlsen, , 1988b . However, the suggestion that neuroblastomas lacking malignant behaviour are included in the pool of 'real' neuroblastomas must be considered seriously, as the implications are substantial. It is striking that the prognosis was favourable for stage I disease in all ages and stage II disease of infancy during the whole period (Table III) .
Are some stages I-lI tumours of infancy premalignant lesions? There are limited data on the proportion of stage I tumours with evidence of malignant behaviour, as they nearly always receive potentially curative treatment (Evans et al., 1976) . All 19 stage I patients in Denmark underwent complete tumour resection with only one relapse (Carlsen et al., 1986a) . In contrast, all stage II tumours of Evans et al. (1971) have demonstrated local invasiveness, and some the ability to metastasise to local lymph nodes. Nineteen patients with stage 11 disease were under one year old (Tables II and III) and all but two received potentially curative treatment. Four died but only two from documented progressive disease; two others had evidence of tumour progression, one of whom recovered spontaneously (case history 2), the other following treatment with chemotherapy. Another infant recovered spontaneously (case history 1). Thus, apart from local invasiveness some stage II tumours of infancy have demonstrated truly malignant behaviour. However, a similar proportion showed spontaneous regression. Infants in stages II and IV-S provided the majority of documented spontaneous regression in other studies (Bodian, 1959; Evans et al., 1976; Everson & Cole, 1966; Gross et al., 1959) . It would be in accordance with Foulds' description of the stepwise evolution of tumours from a (benign) proliferative lesion to an increasing autonomous and malignant neoplasm (Klein & Klein, 1986; Knudson & Meadows, 1980; Moolgavkar & Knudson, 1981; Nicolson, 1987) to suggest that some congenital neuroblastomas are dependent on external growth factors during the first few years of life (Carlsen, 1988a) , a period of proliferation, differentiation and involution of the paraganglia system (Vofite et al., 1986) .
Rationale for screening Much evidence is compatible with the suggestion that most neuroblastomas are congenital (Birch et al., 1980; Carlsen, 1988a; Carlsen et al., 1986a; Rubin, 1968; Sutow, 1958;  Wilson & Draper, 1974) , and the age with stage distribution strongly suggests that disseminated cases have passed through lower undetected stages at younger ages before they are diagnosised (Carlsen, 1988a) . The disease is notorious for its vagueness of symptoms (Carlsen et al., 1987; Wilson & Draper, 1974) and, as age under one year and stages I-II disease have a crucial effect on prognosis, paediatric oncologists emphasise the importance of a good abdominal examination whenever a child is seen by a physician, and mass screening programmes in infants have been proposed (Sawada et al., 1984a (Sawada et al., , 1987a Scriver et al., 1987; Woods & Tuchman, 1987) . Pastore et al. (1984) . In this context it is noticeable that of 11 patients with undeniable signs of the disease in the first year of life (Carlsen, 1986) , nine were diagnosed between age 12 and 23 months, one at 25 months and one at 94 months (Table II) .
What can we learn from the preliminary results of screening in Japan?
In the recent birth cohorts in Denmark (Carlsen, 1986) and in the USA (Young et al., 1986 ) 1 in 7,000 live births will develop neuroblastoma before 15 years of age. If 65% of all childhood neuroblastomas could be detected before or at the age of 6 months, as suggested in Japan (Sawada et al., 1987b) , then the expected prevalence by screening at age 6 months would be approximately 1 in 11,000 live births (65/ 100 x 1/7,000). However, the proof that screening can only detect cases that would have progressed to clinical disease depends on an appropriate fall in the incidence in older children and a decline in mortality rate (Carlsen, 1988a; Draper, 1988; Mauer, 1988) . It is therefore of some concern that the incidence appears to increase with screening in Japan (Nishi et al., 1987; Sawada, 1986; Sawada et al., 1984a, b, c) so that now 1 in 5,000 is detected at 6 months of age (Nishi et al., 1987; Sawada et al., 1987a, b) . This prevalence appears to be substantially higher than the cumulative birth cohort incidence rate under the age of 15 years in Denmark and the USA. The fact that screen-detected early stage tumours (Hayashi et al., 1988; Kaneko et al., 1987 Kaneko et al., , 1988 are not believed to evolve into advanced stage tumours from a cytogenetic viewpoint, is of equal concern. Both studies of screen-detected tumours were missing the early stage tumours with near-diploidy or hypo-tetraploidy with structural abnormalities associated with older children and poor prognosis (Hayashi et al., 1988; Kaneko et al., 1987) .
What are we dealing with? Is a substantial proportion of the screen-detected cases in Japan spontaneous regressing tumours, or not malignancies at all? Neuroblastoma in situ (Beckwith & Perrin, 1963 , Ikeda et al., 1981 Turkel & Itabashi, 1974) , which most likely is a normal variation in the morphogenesis of the adrenal gland, has been found by random autopsy studies in infants under 3 months old in incidences of 1 in 179 to 1 in 259 (Beckwith & Perrin, 1963) . Could some screen-detected cases virtually be neuroblastoma in situ cases?
Tentative conclusions The prognosis remains poor for most patients with neuroblastoma who are diagnosed at unfavourable ages and stages due to the vagueness of symptoms. Therefore, screening for the disease is desirable.
Most data concerning the natural history of this tumour are compatible with the suggestion that they are often congenital. Therefore, screening should be done as soon after birth as possible. However, the proof of the hypothesis depends on the finding that a higher frequency of cases found in infancy by screening will eventually be followed by an appropriate fall in the number of cases diagnosed at older ages and a decline in mortality rate.
The occasional observation of spontaneous regression of tumours in infants and the rare observation of the same phenomenon in older children is compatible with the concept that tumours develop by a series of changes from a dependent to an increasingly autonomous and malignant neoplasm. Insufficient data exist concerning the frequency of stages I-II tumours of infancy that are dependent tumours, which might regress spontaneously. Therefore, stages I-II cases of infancy should be treated cautiously with the possibility of regression in mind.
Screening studies should not be undertaken unless there exists a reliable incidence and mortality rate for the population to allow close observation of the epidemiological rates. Furthermore, cases found by screening should be intensively studied for karyotypic pattern, oncogene expression and cellular DNA content, among others.
